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RAPID DETECTION OF ANALYTES WITH RECEPTORS 
IMMOBILIZED ON SOLUBLE SUBMICRON PARTICLES 

This is a continuation-in-part of application Serial No 
5 08/021,928, filed February 24, 1993 and is a continuation-in-part of application 
titled Random Detection of Antigens with Antibodies Immobilized on 
Soluble Submicron Particles, filed April 12, 1994. 

Field of thP Tt^^ 
10 This invention relates generally to methods for immobilizing 

specific binding assay reagents on a solid support. In particular this invention 
relates to methods of mixing reagents with samples in solution to form 
reagent-sample complexes and immobilizing the reagent-sample complexes 
on a solid phase support using water soluble polymers. 

15 

Background of tho W» nt j ffn 
In vitro diagnostic assays may be used to measure amounts of an 
analyte found in a body fluid sample or tissue sample. The analyte must be 
. distinguished from other components found in the sample. Analytes may be 
distinguished from other sample components by reacting the analyte with a 
specific receptor for that analyte. Assays that utilize specific receptors to 
distinguish and quantify analytes are often called specific binding assays. 

The most common receptors are antibodies and specific binding 
proteins such as Intrinsic Factor or Folate Binding Protein. Receptors are 
characterized by having a reversible specific binding affinity for an analyte or 
an analogue of that analyte. As used herein, ah analogue generally is an 
analyte derivative carrying a detectable marker such as an enzyme 
fluorescent molecule or other known label. The analogue is capable of 

30 aTatTe 8 * ' *°* ** "* aS 

In heterogeneous specific binding assays described in the 
technical and patent literature, the receptor or other assay reagent of the 
specific binding reaction is often immobilized on a solid phase 
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Immobilization of the reagents is required to separate the bound components 
(for example an analyte bound to a receptor) from the unbound components. 

The various methods by which a receptor or other reagent can be 
immobilized on a solid phase include adsorption, absorption or covalent 
5 bonding. However, many of the solid phase supports used in such assays are 
not inert and may sequester proteins and other substances from the sample by 
non-specific binding. Although glass is a relatively inert substrate, generally 
it has been found to be unsatisfactory for use in solid phase binding assays 
See, for example U.S. Patent No. 3,790,653 for a discussion of inadequacies of 
10 glass substrates. 

Recently, however, procedures have been described for 
immobilizing an essentially soluble immunocomplex of a reagent and 
antiserum to the reagent on an inert glass fiber solid phase support. These 
procedures are disclosed in U.S. Patent No. 4,517,288, incorporated by 
15 reference herein. 

In these immunological immobilization procedures, sdluble 
immunocomplexes are prepared by combining at least two 
unmunochemically reactive substances with one another in solution. At 
least one of such immunochemical^ reactive materials is selected for its 
immunochemical specificity for an analyte of interest. For example, if the 
soluble immunocomplex is to be used in an immunoassay for the detection 
of thyroid stimulating hormone (TSH), then one component of the 
immunocomplex is selected for its immunochemical specificity for TSH A 
typical example would be an antibody with specificity for TSH, i.e., an anti- 
TSH antibody. The second component of the immunocomplex could 
comprise an antibody preparation directed against the anti-TSH antibody. 
Antiserum to anti-analyte antibodies, for example to mouse anti-TSH 
antibodies, can be prepared by injecting purified mouse immunoglobulin G 
(IgG) into a host animal (i.e., goat), and thereafter harvesting the antiserum to 
the mouse IgG. The mouse anti-TSH antibody and the goat antiserum to 
mouse IgG are thereafter worked up as standard stock solutions. 
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Having prepared these stock solutions, a portion of each is 
combined in . buffered medium. The resulting immunocomplex, in an 
appropriate volume of buffer, may be spotted onto a delimited area of a glass 
fiber filter. Alternatively, the two components of the immunocomplex may 
' be applied to the filter as separate buffered solutions and allowed to react in 
Situ- In both instances, the point of application of the immunocomplex 
defmes a reaction zone within the solid phase. The applied 
•mmunocomplexes become adsorbed and entrapped within the interstices of 
the beds of fibers within the glass fiber filter. The method of application can 
mdude dispensing of the immunocomplex solution with a manual or 
automated pipette, or with other automated equipment including assay 
analyzer instruments. Subsequent to application of the immunocomplex to 
the sohd phase and the elapse of a suitable incubation period, the solid phase 
« dned under controlled conditions thereby yielding a stable reactive reagent 
which can be used in any one of a number of solid phase specific binding 
assay protocols. 

Immunological immobilization, although useful in a variety of 
assay formats, has been noted to include a number of inherent disadvantages 
Such factors as temperature, salt, pH and protein concentration have an 
influence on the formation of the double immunocomplex. These 
condihons can be difficult to optimize in order to effectively form the double 
immunocomplex. The presence of the additional immunoglobulins on the 
mter (e.g., antiserum to anti-analyte antibodies) can lead to nonspecific 
bindmg of proteinaceous and other biological materials. This can 
sigruficantly decrease the assay sensitivity and overall performance. 
Moreover, given the inherent variability of IgG preparations from separate 
immunizations of the same or different host animals, lot-to-lot variability in 
bter, purity, specificity and affinity of IgG preparations must be accounted for 
m manufacturing procedures. Similarly, variability in the production of 
sohd phase reagents may be encountered due to the tendency of 
xnununocomplexes to become ^homogeneously distributed within stock 
soluoons. That is, such immunocomplexes, while substantially soluble, may 
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not remain completely soluble and may undergo some settling out of 
solution over time. Even with periodic mixing of stock solutions, 
gravitational influences, temperature gradients and other physical influences 
can cause subtle inhomogeneities within solutions applied to the solid phase 
reagents. These inhomogeneous solutions, resulting from protein 
aggregations, can cause blockage of the manufacturing lines used to spot the 
immunocomplex on the solid phase and other difficulties. 

Some specific binding assays have been automated. A majority 
of the currently available automated assay systems, however, allow the 
detection of only one analyte in each cycle. Thus, in order to analyze more 
than one analyte in a single sample, one must wait for the testing cycle of a 
first analyte to be completed before a second analyte in the same sample can 
be tested and quantified. For most automated instruments a cycle time is 
usually at least 40 minutes. Alternatively, the sample to be analyzed could be 
ahquoted into multiple testing samples and analyzed simultaneously to 
obtain the desired quantification information. This second approach not only 
requires a greater amount of the patient sample, but also necessitates 
additional capital expenditure in order to operate multiple analyzers 
simultaneously. 

A limited number of random access enzyme immunoassay (EIA) 
systems utilize a unit dose concept in order to analyze more than one analyte 
m a given sample. In these systems, all the required reagents such as the 
immobilized antibody, antibody-enzyme or drug-enzyme conjugate and the 
substrate required for the generation of the signal, are packaged together in a 
smgle packet and each packet contains reagents sufficient for a single analysis. 
IT Smgle Pac ^ et is more expensive than bulk storage and packaging 

The added expense reflects, for example, the cost of separately packaging each 
component required for an assay, specific requirements of the packaging 
matenal allowing maximum stability of the reagents, and the extra storage 
space needed for each unit dose. In addition, the time required for 
incubations at different steps of the assay causes the over-all time for 
generahon of results to be longer for random access assay systems. 
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Summary of ftp InvpntioT) 
The present invention includes methods for immobilizing a 
plurality of specific binding assay reagents on a solid phase. A dendrimer- 
reagent solution containing one or more dendrimer-reagent preparations is 
provided. Each of the preparations contains a plurality of dendrimer-reagent 
complexes, each of the dendrimer-reagent complexes having a defined 
specificity for at least one analyte or for a receptor of the at least one analyte. 
The complexes are dendrimers coupled to a specific binding assay reagent. 
The dendrimers can be ES or N5 dendrimers. The dendrimers can be coupled 
to the reagents by C-S linkage carried out by combining SIAB-labeled moieties 
with sulfhydryl-containing moieties or C-S linkage carried out by combining 
SMCC labeled moieties with sulfhydryl-containing moieties. Alternatively, 
the dendrimers can be coupled to the reagents by C-N' linkage carried out by 
combining aldehyde-labeled moieties with unmodified dendrimers. The 
reagents can be, without limitation, antibodies, antibody fragments, specific 
binding proteins or analytes. The sample is added to the dendrimer-reagent 
solution to form an assay solution. A selected amount of an indicator or a 
labeled specific competitive reagent may be added to the assay solution. The 
specific competitive reagent can be a labeled analogue of the at least one 
analyte. An effective amount of the assay solution is applied to a solid phase 
under conditions effecting immobilization of the dendrimer-reagent 
complexes on a delimited area of the solid phase. 

The present invention also includes methods for conducting 
specific binding assays to determine the concentration or presence of at least 
one analyte in a sample. A dendrimer-reagent solution containing one or 
more dendrimer-reagent preparations is provided. Each of the preparations 
contains a plurality of dendrimer-reagent complexes, each of the dendrimer- 
reagent complexes having a defined specificity for at least one analyte or for a 
recept r of the at least one analyte. The complexes are dendrimers covalently 
coupled to a specific binding assay reagent. The dendrimers can be E5 or N5 
dendrimers. The dendrimers can be coupled to the reagents by C-S linkage 
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carried out by combining SIAB-labeled moieties with sulfhydryl-containing 
moieties or C-S linkage carried out by combining SMCC labeled moieties with 
sulfhydryl-containing moieties. Alternatively, the dendrimers can be 
coupled to the reagents by C-N linkage carried out by combining aldehyde- 
labeled moieties with unmodified dendrimers. The reagents can be, without 
limitation, antibodies, antibody fragments, specific binding proteins or 
analytes. The sample is added to the dendrimer-reagent solution to form an 
assay solution. An effective amount of the assay solution is applied to a solid 
phase under conditions effecting immobilization of the dendrimer-reagent 
complexes on a delimited area of the solid phase. A selected amount of an 
indicator is applied under binding conditions to the delimited area of the 
solid phase. The amount of indicator bound to the solid phase is determined 
and correlated to the concentration or presence of at least one analyte in the 
sample. 

The present invention also relates to methods for conducting 
specific binding assays using a competitive assay format to determine the 
concentration or presence of at least one analyte in a sample. A dendrimer- 
reagent solution containing one or more dendrimer-reagent preparations is 
provided. Each of the preparations contains a plurality of dendrimer-reagent 
complexes, each of the dendrimer-reagent complexes having a defined 
specificity for at least one analyte or for a receptor of the at least one analyte. 
The complexes are dendrimers covalently coupled to a specific binding assay 
reagent. The dendrimers can be E5 or N5 dendrimers. The dendrimers can 
be coupled to the reagents by C-S linkage carried out by combining SIAB- 
labeled moieties with sulmydryl-containing moieties or C-S linkage carried 
out by combining SMCC labeled moieties with sulfhydryl-containing 
moieties. Alternatively, the dendrimers can be coupled to the reagents by C- 
N linkage carried out by combining aldehyde-labeled moieties with 
unmodified dendrimers. The reagents can be, without limitation, antibodies, 
antibody fragments, specific binding proteins or analytes. The sample and a 
labeled specific competitive reagent are added to the dendrimer-reagent 
solution to form an competitive assay solution. The specific competitive 
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reagent can be a labeled analogue of the at least one arialyte. An effective 
amount of the competitive assay solution is applied to a solid phase under 
conditions effecting immobilization of the dendrimer-reagent complexes on a 
delimited area of the solid phase. A selected amount of an indicator is 
applied under binding conditions to the delimited area of the solid phase. 
The amount of indicator bound to the solid phase is determined and 
correlated to the concentration or presence of at least one analyte in the 
sample. 

The present invention includes methods for conducting specific 
binding assays in which all reagents are incubated together in solution prior 
to immobilization on a solid phase. A dendrimer-reagent solution 
containing one or more dendrimer-reagent preparations is provided. Each of 
the preparations contains a plurality of dendrimer-reagent complexes, each of 
the dendrimer-reagent complexes having a defined specificity for at least one 
analyte or for a receptor of the at least one analyte. The complexes are 
dendrimers coupled to a specific binding assay reagent. The dendrimers can 
be E5 or N5 dendrimers. The dendrimers can be coupled to the reagents by C- 
S linkage carried out by combining SIAB-labeled moieties with sulfhydryl- 
containing moieties or C-S linkage carried out by combining SMCC labeled 
moieties with sulfhydryl-containing moieties. Alternatively, the dendrimers 
can be coupled to the reagents by C-N linkage carried out by combining 
aldehyde-labeled moieties with unmodified dendrimers. The reagents can be, 
without limitation, antibodies, antibody fragments, specific binding proteins' 
or analytes. The sample and a selected amount of an indicator are added to 
the dendrimer-reagent solution to form an assay solution. An effective 
amount of the. assay solution is applied to a solid phase under conditions 
effecting immobilization of the dendrimer-reagent complexes on a delimited 
area of the solid phase. The amount of indicator bound to the solid phase is 
determined and correlated to the concentration or presence of at least one 
30 analyte in the sample. 
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BRIEF Description np -r^p HGUEES 
Fig. 1 is a schematic representation of the Schiff base chemistry 

for production of C-N linkages in dendrimer-reagent complexes, using as an 

example an antibody (IgG) reagent. 

Fig. 2 is a schematic representation of the sulfosuccinimidyl-(4- 

iodoacetyl) aminobenzoate (SIAB)-based chemistry for production of C-S 

linkages in dendrimer-reagent complexes, using as an example an antibody 

(IgG) reagent. 

Fig. 3 depicts a comparison of the calibration curves of digoxin 
assays using the double antibody immunocomplex format and the 
dendrimer-coupled antibody format. 

Fig. 4 depicts the effect of incubation time and concentration of 
dendrimer-coupled antibody on the signal response in a CKMB assay. 

Kg. 5 depicts time dependent effect of varying the conjugate 
concentration and its effect on response of CKMB assay using the dendrimer- 
coupled antibody format. 

Fig. 6 depicts time dependent effect of conjugate concentration 
on response in hTSH assay. 

Fig. 7 depicts a comparison of the calibration curves for an hTSH 
assay. These curves indicate the results of an assay using a double-antibody 
vmmunocomplex fonnat and two assays using a dendrimer-coupled antibody 

Fig. 8 depicts calibration curves obtained for CKMB assays These 
curves were obtained by manipulations of the concentrations of the conjugate 
and the dendrimer-coupled antibody. 

• Kg- 9 depicts a comparison of the eight minute CKMB assay with 

the four minute assay. 

Fig. 10 depicts a comparison of calibration curves for an hTSH 
assay using the double-antibody fonnat and two different formats of the 
dendrimerrcoupled antibody assay. 
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PETATT.Pn np ^CRIPTinM 
Starburst™ dendrimers (manufactured by The Dow Chemical 
Company) are polymers of spherical or other three-dimensional shapes that 
have precisely defined compositions and that possess a precisely defined 
molecular weight. The dendritic (tree-like) configuration derives from a 
structured branching wherein individual branches radiate out from a 
nucleus, or core region. The polyvalent Core is covalently bonded to at least 
two ordered dendritic branches that extend through at least two tiers, or 
generations. The outermost tier or generation may be derivatized to 
terminate in functional groups that may be chemically reactive with a variety 
of other molecules. Thus, dendrimers are unitary molecular assemblages 
that possess three distinguishing architectural features, namely (a) an 
initiator core, (b) interior layers (generations) composed of repeating units 
radially attached to the initiator core, and (c) an exterior surface of terminal 
functionality attached to the outermost generation. 

The size, shape and reactivity of a dendrimer can be controlled 
by the choice of the initiator core, the number of generations employed in 
creating the dendrimer, and the choice of the repeating units employed at 
each generation. Depending on the number of generations employed 
dendrimers of discrete sizes are readily obtained. In addition, chemical' 
modification of all or a portion of the surface moieties may create new surface 
functionalities appropriate for particular diagnostic or therapeutic operations 
Generally spherical dendrimers of configurations suitable for use in the 
present invention are disclosed in U.S. Patent No. 4,507,466 and U.S. Patent 
No. 4,568,737, incorporated by reference herein. Alternatively, dendrimers of 
non-spherical configuration, such as those disclosed in U.S. Patent No 
4,694,064, incorporated by reference herein, may be adapted for use in the 
present invention. Preferably, the dendrimers have an outer functionalized 
surface having amihe-terminated functional groups. An E5 dendrimer is a 
fifth-generation, ethylenediamine core particle having 128 amine-terminated 
end (surface) groups and a molecular weight of 28,826. E5 has an estimated 
particle diameter of 70 A. An N5 dendrimer is a fifth-generation ammonia 
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core particle having 96 terminal amino groups and a molecular weight of 
21.563. N5 has an estimated particle diameter of 53 A. The amine-terminated 
end groups impart a net positive charge to the surfaces of such dendrimers 
under normal assay conditions. 
5 Dendrimers can be synthesized as water soluble macromolecules 

through appropriate selection of internal and external moieties. See U.S. 
Patent Nos. 4,507,466 and 4,568,737, incorporated by reference herein. 
Dendrimers may be conjugated with various pharmaceutical materials as 
well as with various targeting molecules that may function to direct the 
' conjugates to selected body locations for diagnostic or therapeutic 
applications. See for example, WO 8801178, incorporated by reference herein. 
Starburst dendrimers have been used to covalently couple synthetic 
porphyrins (e.g., hemes and chlorophyll) to antibody molecules as a means 
for increasing the specific activity of radiolabeled antibodies for tumor 
therapy and diagnosis. Roberts, J.C et al., Using Starburst Dendrimers as 
Linker Molecules to Radiolabel Antibodies, BioconW Ph.^^, 1: 305 . 308 
(1990). 

Specific binding assay reagents may be attached to dendrimers by 
the formation of carbon-sulfur (C : S) linkages. Such C-S linkages are 
performed by derivatizing dendrimers with sulfosuccinimidyl-[4-iodoacetyl] 
anunobenzoate (sulfo-SIAB) or with succinimidyl 4-[N-maleimidomethyl] 
cydohexane-l-carboxylate (SMCQ and combining the derivatized dendrimers 
with sulmydryl-containing assay reagents. Alternatively, the specific binding 
assay reagents may be attached to the dendrimers by the formation of carbon- 
mtrogen (C-N) linkages or carbon-oxygen (C-O) linkages. See U.S. Patent 
Application Serial No. 08/021,928, incorporated by reference herein. 
Dendnmer surface functional groups in addition to amino terminal groups 
include hydroxy, m ercap to, carboxyl, alkenyl, allyl, vinyl, amido, halo, urea 
oxaranyl, aziridinyl, oxazolinyl, imidazolinyl, sulfonate, phosphonato, 
isocyanato and isothiocyanato. Various known chemistries are usable with 
this wide range of surface functional groups and are useful for attachment of 
assay reagents to such functional groups. 
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Applicants have discovered that dendrimers can be used in place 
of antiserum to facilitate immobilization of assay reagents on the solid phase. 
That is, dendrimers can be covalently coupled to assay reagents such as 
antibodies or even relatively small molecules and then immobilized on 
5 various solid phases. In comparison to immunological immobilization, 
immobilization utilizing dendrimer complexes presents a number of distinct 
advantages. First, dendrimers can be consistently manufactured to retain lot- 
to-lot uniformity because of their precise polymer chemistries. These 
parameters can be uniformly maintained over different manufacturing lots. 
10 Second, the dendrimers can be manufactured to be water soluble such that 
the dendrimer-reagent conjugates remain in solution and maintain solution 
homogeneity over time. This eliminates lot-to-lot nonuniformity due to 
^homogeneous distribution of immunological conjugates in solution 
Third, the chemistries for attachment of reagents to the dendrimers are well 
characterized and are not subject to the variations inherent in associations of 
antisera and antibody binding substances. Antisera are subject to variations 
m affinity, specificity, and immunoglobulin purity, none of which are 
encountered during production of dendrimer-reagent conjugates. 

In summary, dendrimer-based solid phase reagents are readily 
prepared having substantial lot-to-lot uniformity. Moreover, since stock or 
commercial solutions of dendrimer conjugates retain homogeneity over 
substantial periods of time, it is possible for end users of commercial assay 
instruments to prepare these solid phase reagents on site. The use of freshly 
prepared solid phase reagents further eliminates additional variables that 
may enter into distribution and commercial use of pre-prepared solid phase 
reagents, such as changes due to long term storage, temperature of storage 
and other storage variables. 

While dendrimer-reagent complexes are useful for preparation 
of various solid phase reagents in . immunoassays and other assays the 
applicants have found a particularly useful appUcation f such complexes in 
«se with glass fiber filter substrates and radial partition assays. Radial 
partition immunoassay as disclosed in Giegel et al., Clin. Chem. 28:1894-98 
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(1982) and in U.S. Patent No. 4,517,288 is an assay procedure in which all steps 
are conducted directly on a solid phase. Antibodies or other reagents are 
immobilized on a small area of glass fiber filter paper. Various calibrators 
contaming known amounts of an analyte to be detected or various unknown 
samples potentially containing such an analyte are then allowed to react with 
tins unmobilized receptor. Following appropriate additions of labeled 
analogues or other labeling reagents, excess reagents are removed from the 
center area of the filter paper by application of a wash fluid. In the case of an 
enzyme immunoassay, the wash fluid may contain the substrate for the 
enzyme, thus initiating the enzyme reaction simultaneously with the wash 
step. Preferably the action of the enzyme on the substrate generates a 
fluorescent signal. The enzyme activity in a part of the center area is then 
quantifiable by front-surface fluorometry. Depending on the assay format, 
i.e., direct bmding assay or competitive assay, the rate of fluorescence is 
directly or inversely proportional to the concentration of analyte in the 
sample. 

. It is preferred that the solid phase present a relatively "inert- 

surface. That is, the surface should be relatively nonreactive with biological 
materials, particularly with respect to nondiscriminate adsorption of 
protemaceous materials. In the preferred embodiments of this invention, the 
Physical form of the solid phase is such that the interstices or pores within 
the sohd phase are sufficiently small such that the reaction fluids are retained 
and transported by capillary action. On the other hand, the solid phase pores 

» that might give nse to false positive signals. 

comn^T 6 S0Ud Ph3Se 15 advanta ^«sly . composed of a mat of 
compressed fibers, such as glass or synthetic fibers or relatively inert cellulosic 

conTl ^ S ° lid PhaSC alS ° ^ be °< other porous 

30 m^lT^tL SintCred SkSS ' CeramiCS and P^eric 
« Oass fiber filter paper is the preferred solid support of the present 
mvenbon because of its inert characteristic and because of its abflity to adsorb 
soluble c mplexes of this invention in quantities sufficient for 
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13 

quantitative evaluation of assay reagents. The surfaces of the glass fibers may . 
carry a net negative charge, which facilitates adsorption of dendrimers having 
substantially positively charged surfaces under assay conditions, i.e., 
dendrimers with amine terminal surface groups. In a preferred embodiment, 
"tabs" as marketed by Baxter Diagnostics Inc. are assembled from GF/F glass 
filter paper distributed by Whatman Inc. and snap-fit plastic tab parts as 
discussed below. Generally the dendrimer-reagent complexes are applied to 
the center areas of such tabs in an appropriate buffer solution. Generally such 
buffers should include surfactants, analyte-free serum albumin and a 
preservative such as sodium azide. The dendrimer-reagent complexes of this 
invention, once adsorbed onto a suitable solid phase, can be used in a wide 
variety of analytical protocols for analysis of a variety of biological materials. 
For example, dendrimer-receptor complexes may be useful for immunoassay 
of blood or urine for the presence of therapeutic drugs, natural or synthetic 
steroids, hormones, enzymes, antibodies and other analytes of interest. 

Therapeutic agents that can be analyzed in such protocols 
include without limitation digoxin, dilantin, phenobarbital, theophylline, 
gentamidn, quinidine, and the like. Solid phases prepared in the foregoing 
manner can also be used in immunoassays for the detection of steroids such 
as Cortisol, aldosterone, testosterone, progesterone, and estriol or serum 
protein such as ferritin. Hormone levels are also capable of determination 
through the use of solid phase complexes of the present invention. These 
hormones include without limitation thyroid hormones such as 
tetraiodothyronine (T4) and triiodothyronine and thyroid stimulating 
hormone (TSH); peptide hormones such as insulin, corticotropin, gastrin, 
angiotensin, and proangiotensin; and polypeptide hormones such as 
thyrotropin, somatotropin and human chorionic gonadotropic hormone 
(HCG). Other applications of the complexes of the present invention include 
assay of relatively small molecules involved in metabolism, i.e., folate, to 
assay of polypeptide, antigens and antibodies associated with infectious 
disease, i.e., antigens and antib dies associated with HIV, hepatitis, CMV, 
syphilis, Lyme disease agents, and numerous other infectious agents. 
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The dendrimer-reagent complex/solid phase preparations of the 
present invention are applicable to a variety of specific binding assay formats 
For example, various direct-binding assays may be employed with these 
reagents. In such assays, receptors such as antibodies or binding proteins are 
covalently coupled to the dendrimers. The immobilized dendrimer-receptor 
complexes are contacted with a sample containing the analyte of interest and 
the complex is immobilized on the solid phase. Following immobilization of 
fte complex, the solid phase is washed and then contacted with an indicator 
The term "indicator" in the context of this invention means a labeled 
conjugate. The conjugate comprises an antibody, antibody fragment, binding 
protem or analyte depending on assay format, and the label is a fluorescent 
enzymatic, colorimetric, radiometric or other labeling molecule that is 
assoaated either directly or indirectly with the conjugate. The label may 
compnse an enzymatic compound that produces fluorescence upon contact 
with a substrate. The extent to which the indicator is present on the solid 
support can be correlated with the amount of unknown analyte as disclosed 

^17 Pl R e 7 TijSSen ' P ' Uh ™™ * Wrrhr.nl Mj^m' 

Practice ^n^ry^ZZ^^^^ 

0 LstC ^tTkT 329 ' 384 (ChaPter 14) ' S — ~s, 

u Amsterdam, The Netherlands, 1985. 

The dendrimer/reagent complexes also may be used in 
competitive assay formats, m such formats, the complexes are mixed with a 
^presumably containing such analyte and with a specific competitive 

■> rr e ™ e ^ competiHve reagent ™y be • **— -log-, of ^ 

analyte. The complexes are then immobilized- on a solid phase. In this 

mdleT' *" labded 81,8,08,16 C ° mpeteS ^ * e ^ for 
bmdmg to a receptor. The amount of label bourn, to the solid phase after 
wash^ provides an indication of the levels of analyte in the s Z ple . £ 
^ the amount of label bound to the soluble phase is inversely proportional to 
the amount of analyte in the sample. 

reagent conJf "* aValIaWe ** * e dendri ~«* 

reagent conjugates and various other binding assay reagents to a solid phase. 



WO 95/28641 



PCT/US9S/04313 



15 



20 



25 



30 



washing, and reading the amounts of indicator bound to the solid phase In a 
preferred embodiment, the solid phase comprises the glass fiber filter tabs as 
descnbed above, and the instrument comprises the Stratus® Immunoassay 
System, available from Baxter Diagnostics Inc. This instrument is a batch- 
processing bench-top instrument, described by Giegel et al., Clin. Chem. 
28:1894-98 (1982). The instrument is adapted to process tabs in the radial 
partition immunoassay format, which format is also described in Giegel et al 
The instrument includes fluid dispensers for sample, conjugate and substrate 
washes. Microprocessor-controlled stepping motors aspirate and dispense 
required aliquots of reagents. All timing and operational aspects of the 
d^pensers are predetermined by a program routine within the analyzer The 
instrument also includes a tab transport system, heated platens with 
temperature monitoring, sample and reagent fluid pumps, a read station 
data processing, and means for tab disposal. For quality control, the 
instrument microprocessor control program periodically verifies critical 
operating conditions such as reference voltages, temperatures, and dispensing 
settings, and flags for out-of-limit values. 

Dendrimer-coupled antibodies have a very strong affinity for the 
glass fiber solid phase used in the Stratus® immunochemistry analyzers In 
the spotting buffer (p H 8.0), the tab has a net negative charge whereas the 
dendnmer or dendrimer-coupled antibody has a net positive charge, due to 
the presence of a very large number of free amino groups. In fact, the 
opposite charge interaction of the dendrimers and glass fiber solid phase can 
be so strong that the dendrimer-coupled antibodies localize at the point of 
apphcation on the solid phase and do not spread sufficiently to create a spot 
size of the desired diameter. Current Stratus® optics require a spot size of 
about 10 mm diameter for optimum detection of the reaction in an 
approjdinately 8 mm reaction zone. To compare different data sets generated 
with the Stratus® system, it is important to haVe a uniform spot size. It was 
found that addition of polylysine (molecular weight 22K) or free dendrimers 
4th or 5th generation) helped in increasing the spot size on the glass fiber 
*>bd phase and, surprisingly, also amplified the signal. However, if the 
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concentration of free dendrimers or polylysine is too high, the number of 
sites on the glass fiber can become filled by the free dendrimers or polylysine, 
preventing the dendrimer-coupled antibodies from binding to the solid 
phase. Therefore, amounts of free dendrimers or polylysine present in the 
spotting buffer should be routinely titrated prior to immobilization of the 
specific dendrimer-coupled antibody solution in order to optimize the spot 
size on the solid phase. 

Studies using ammonia core dendrimers showed that to obtain 
signals comparable to the double-antibody system, at a reasonable protein 
concentration, fifth generation dendrimers were most preferable for coupling. 
Lower generation dendrimers gave about 40% of the signal as compared to 
that with the fifth generation dendrimers. Higher generation dendrimers 
gave about the same signal as that obtained for the fifth generation particles 
but produced much larger aggregates. Because the size and shape of the 
particles were found to influence some performance parameters, fifth 
generation dendrimers were preferred in the assays. 

In a preferred embodiment, dendrimer-coupled antibody is 
allowed to bind in solution to the analyte of interest. Due to conformational 
freedom, solution phase receptor-analyte reactions generally are subject to 
fewer steric restrictions and requirements that would be present in a solid 
phase reaction format. This leads to faster attainment of kinetic equilibrium 
than if the receptor analyte reaction were performed on a solid phase. The 
solution containing the dendrimer-coupled antibody-antigen complex is then 
spotted on a glass fiber solid phase, such as a Stratus® tab, and the tab is used 
in a specific binding assay format. The antibody-antigen complex and any 
excess dendrimer-coupled antibody are captured by the solid phase, and the 
non-specificaliy bound materials are washed away under the standard 
Stratus® wash conditions. A detector specific for the presence of the analyte, 
such as an enzyme-labeled anti-analyte antibody conjugate, and an indicating 
substrate are applied to the reaction zone. The signal generated by the assay is 
directly dependent on the concentration of the analyte and is not affected by 
the presence of any non-specific reagents. 
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In an alternative embodiment, dendrimer-coupled antibody is 
Placed in solution with the analyte of interest and also with a labeled specific 
competitive reagent, such as an analog of the analyte. The solution 
containing the dendrimer-coupled antibody, analyte and competitive reagent 
Sp ° tted 0n a 8 lass « b « »M Phase, such as a Stratus® tab, and the tab 
» used in a specific binding assay format. Excess unbound competitive 
reagent is washed away under the standard Stratus® wash conditions The 
signal generated by the assay is inversely proportional to the concentration of 
the analyte. 

In another embodiment, dendrimer-coupled antibody is allowed 
to bmd in solution to the analyte of interest in the presence of an indicator 
An effective amount of the solution containing the dendrimer-coupled 
anubody, analyte and indicator is spotted onto a glass fiber solid phase. The 
sohd phase is subsequently washed under appropriate wash conditions, and 
the amount of indicator coupled to the solid phase is determined. 

Two ways to facilitate the binding of the maximum amount of 
the analyte in a Stratus® cycle, and thus assist in driving the equilibrium to 
completion in the shortest possible time, are to increase the antibody 
concentration and to increase the conjugate concentration. In the present 
mvenrion these two variables can be adjusted in order to significantly 
shorten the necessary reaction time. 

The solid phase used in the present invention may contain a 
populanon of dendrimer-reagent complexes that have specificity for more 
*an one analyte. That is, the solution may contain at least two different 
dendnmer-reagent preparations, each preparation having specificity for a 
sheeted .analyte. These are termed mixed antibody dendrimer solutions. The 
dendnmer-reagent complexes of the preparations are mterrnixed and applied 
a dehmited area of the solid phase to form a reaction zone useful for 
anatys* of multiple analytes. Alternatively, the solution or solid phase may 
contam a single dendrimer-reagent preparation where each dendrimer- 
reagent complex of the preparation has specificity for at least two different 
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analytes. These are called multiple-specificity dendrimer solutions or solid 
phases. 

The mixed antibody dendrimer solutions and the multiple- 
specificity dendrimer solutions of the present invention can be especially 

i useful in cases where a patient sample is to be assayed for a specific diagnosis 
using a panel of tests where each test is an indication of a different stage of a 
clinical symptom. For example, a cardiac panel might require testing for 

- creatine kinase isozyme MB (CKMB), troponin, myoglobin and digoxin. A 
cancer markers panel might test for carcinoembryonic antigen (CEA), alpha- 
fetoprotein (AFP) and human chorionic gonadotropin hormone (HCG). 

The invention will be further understood with reference to the 
following illustrative embodiments, which are purely exemplary, and should 
not be taken as limiting the true scope of the present invention as described 
in the claims. 

EXAMPLE 1 
Preparation of Solid Phasp sup ports rraho 
Solid phase supports used in the present experiments comprised 
"tabs" as used with the Stratus® analyzer instrument or the Stratus® H 
analyzer instrument, both marketed by Baxter Diagnostics Inc. These tabs are 
assembled from 1-in. (2.5 cm)-wide rolls of GF/F glass filter paper (Whatman 
Inc.) and snap-fit plastic tab parts, as disclosed in Giegel et al. Radial Partition 
Immunoassay, Cl i n, Chrm . 28: 1894-98 (1982). Appropriate concentrations of 
dendrimer solutions, antibody solutions or other protein or control solutions 
are made up in spotting buffer. The spotting buffer composition may be 
varied to accommodate particular experimental or manufacturing 
parameters. Generally the spotting buffer may comprise, for example, 20mM- 
200mM Tris, pH 7.0-9.0, a non-ionic surfactant such as Zonyl® FSN (EI 
DuPont DeNemours & Co., Cat. No. CH 71S2S) in a concentration range of 
0.1%-1.0%, bovine serum albumin (BSA) at 0.5%-4.0% and 0.1% sodium 
aade. Preferably the spotting buffer comprises 30-100mM Tris, pH 70-8.5 
0.1%-0.5% Zonyl® FSN, 1.0%-3.0% BSA and 0.1% sodium azide. Most 
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preferably the spotting buffer comprises 50mM Tris, pH 8.0, 0.1% Zonyl® 
FSN, and 2.0% BSA. Fluorinated surfactants (e.g. 3M Cat. No/s FC 171 and FC 
170C) and other appropriate surfactants known to the skilled artisan may be 
substituted for Zonyl® FSN. The spotting buffer also comprises 0.01-0 1% 
polylysine (molecular weight 15,000-30,000; sigma Cat. No. P7890) or free 
dendrimers (fourth generation or higher). Preferably, the spotting buffer 
comprises 0.03-0.05% of a fifth generation free dendrimer. Other equally 
charged molecules known in the scientific literature may be substituted for 
the free dendrimer. 

Aliquots of 76 |il of a selected solution are spotted onto the 
centers of blank tabs. After an appropriate incubation period of the 
dendrimer-coupled antibody, the analyte, conjugate and substrate wash are 
apphed to the wet tab. The tabs may be stored at 2'-8- C until used. Spotting 
of the solutions on the tabs may be carried out manually with a pipetting 
devace or may be carried out with automated manufacturing procedures 
Alternatively, the tabs may be spotted and processed by the Stratus® H 
mstrument itself, following appropriate programming of machine 
parameters to apply selected aliquots of stock solutions to the centers of tabs. 

EXAMPLE 2 
S eparation of IrOPpndrimer vh Schiff t 
A flow diagram of the following procedure is depicted in Figure 
1. An IgG concentrate solution consisting of 4-5 mg IgG/ml in pH 4.5 acetate 
buffer (0.1 M NaOAc/0.1 M NaCl) is prepared and chilled on ice. A 2/3 
volume of chilled, 0.1 M NalO, in pH 4.5 acetate buffer is added to the IgG 
soluuon and the combined IgG/NalO, solution is incubated.in the dark for 2 

■L" 2 -' 8 J: Ethylene 8,yC01 3t 10 ,ll/ml ° f concentrate 
solution padded and the incubation is continued for an additional 1/2 hr. at 

-8 C. The resulting solution of IgG-aldehyde derivative (IgG-CHO) is 

desalted by passage over an appr priately sized column of Sephadex G-25 

equflibrated with pH 4.5 acetate buffer. Protein fractions are collected and 

Pooled and the concentration of IgG-CHO is determined 
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spectrophotometry at 280 run using an extinction coefficient of 1 48 ml- 
" Cm " 1 ' ™ e aldeh y de cont ««t of the periodate-oxidized IgG may be 
quantified using the aldehyde-modifying reagent Purpald (Aldrich, Cat No 
16-289-2) with appropriate concentrations of formaldehyde as calibrators 

. Dendrimers (about 50 - 70 A P^cle size) "in aqueous solution 
Michigan Molecular Institute, Midland, Michigan) are added to the desalted 
IgG-CHO solution at a 3:1 molar ratio of dendrimerJgG-CHO. The combined 
dendnmer/IgC^CHO is buffer exchanged into 0.1 M sodium carbonate buffer 
PH 9.4, and the solution volume is adjusted to provide a final I gG 
concentration of approximately 1.0 mg IgG/ml. The solution is then 

so^rr'" 8 ?^ 16 " 24 ^ ^-^—^eshly prepared NaBH 4 
solution (4 mg/ml in water) equal to 1/20 of the volume of the 

dendnmer/IgG-CHO reaction mixture is slowly added and incubated at 2'- 

Dolva ™, J appropriately sized column of 

polyacrylamide-agarose gel matrix (AcA-44 Ultrogel, IBF, Cat No. 230161) is 
prepared and equilibrated in phosphate-buffered saline (PBS)/0.1o/ o NaN 3 
fmal dendrimer/IgC-CHO reaction mixture is concentrated to a volume 
on- than 3% of the AcA-44 bed volume, then loaded onto the column and 

ZZl " aPPr ° Priate ^ Fr8Cti0nS * e ** P"tein peak, 

win* comprises the coupled Ig G-dendrimer preparation a 8 G-DEND) are 

spet o COnCentraa ° n ° f l8G * *• l8G " DEND * ^termined 

TwT ^ *** " eXtinCti ° n COe * ident ° f "» ml • »S* • cm-i 

EXAMPLE 3 

Ereparation nf rfr^^ ^. . n - a star t Mrff ; . ... • 
2 A ^ u AflOWdia ^ offtefoUo ^gProcedure.is depicted in Figure 

is a lT^t V ° 1Ume ° f SOdiUm Ph0Sphate buffCr M N ^PO„ p H 7.1) 
• added to the vendor-supplied aqueous solution of 54 A dendrimer flj 
Midland, Michigan). The resulting solution is adjusted to P H 76 withT^' 
HC1 or 1 N NaOH. An appropriate volume of 15 mg/ml JJ£TJ£ 
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IA d nd" T SOlUtl '° n f ° e<JUal 3 20:1 m ° lar "* * - lfo - 

SIAB-dendruner denvative (SIAB-DEND) is loaded onto an appropriately 

T, 6 n of Sephadex previous,y " ^ 

SIAB^MD 77 eIUti ° n " 3 ^ ^ ° f 0^ "l/min, the 

SIAB DEND fract.ons are pooled and the concentration of SIAB-DEND is 

denned with fluorescamine, a fluorogenic reagent used for assay o 
Penary a as descdbed fa Weigek ^ ^ ; ^ ^ ^ ^ 

(1972) and w Udenfriend et al.. Science 178: 87! (1972). Appropriate 
concentrations of underivatized 54 A dendrimer are used as calibrators 
of 5 me I CG / F T ° f SUlfhyd ^ G deriva «ve (IgG-SH), a solution 

™ - n " " ^ M NaHjP °^ 5 ™» EDTA, P H 6.0) is 

ZUL ^ 5 ° erythrit01 - ^othreitol pn, is dJolved : 

o ' < ~ te,faB ° f U 4 DTC «i added 

oiuinlf « ; m a vo, r e equai * 1/9 ° f * e - °< *• * 

then desalted by passage over an appropriately steed Sephadex G- 
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„ I T a,ly ' t0 PrCPare ** * &DBN D' SIAB-DEND solution is 
r" 13 ^ at a 3:1 molar ratio of SIAB-DENd! 72 

^ S ° diUm b ^r (0.1 M 

llc^'f" ' ^ S ° IUti0n " ^ a «nal Ig G 

concentrcuon of approximately 5 mg /m l, then incubated at w fof J 

reason is stopped by addiuon of a 1/50 volume of q ^ 

££Zf 8 ?f 10 mS/ml ^-aleimide ^M) in ^ 

dunethylformamide (DMF) followed by an additional incubation at 

^tL^ZtZZ passage over an ACA "" u,trosel 
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EXAMPLE 4 

Coupl i ng pf Anti-hTSH Antibody (cak with BendiL mfia 

About 12 ml of ascites fluid containing approximately 60. mg of 
anti-hTSH (CA2) antibody was purified over a Q-Sepharose column (1.0 X 
13.0 cm) using a gradient between 20 mM Tris, pH 8.5 and 20 mM Tris/0.3 M 
NaCl, pH 7.0 to yield 54 mg of the purified antibody protein. CA2 is on 
deposit at the American Type Culture Collection (ATCC) under Accession 
Number 1437. The antibody solution, containing 35 mg protein, was diluted 
with an equal volume of binding buffer (Bio-Rad) and purified over a Protein 
A column (1.0 X 6.5 cm, Bio-Rad AffiPrep) by absorbing the antibody to the 
column and then eluting the bound protein with 0.1 M sodium acetate-0.1 M 
sodium chloride, pH 5.0 to yield 26.0 mg of the antibody in solution. 

The E5 dendrimer (MMI, Midland, Mich.) was iodoacetylated 
following the general procedure discussed in Example 3 above. A 20-fold 
molar excess of sulfo-SIAB was added to the aqueous dendrimer solution. 
Each dendrimer particle incorporated approximately US iodoacetyls. . 

The antibody solution (2.0 ml at 5.0 mg/ml) was reduced for 1 
hour at 37-C with DTE or DTT (0.23 ml of 4.5 mg/ml) in 0.1 M sodium 
phosphate-5.0 mM EDTA, pH 6.5 following the general procedure given in 
Example 3 above. After desalting over a G-25 column in the reduction buffer, 
the product showed the presence of about 10 sulfhydryls per IgG. 

The reduced antibody was then coupled with the iodoacetylated 
dendrimer in a V3 molar ratio as described in the general coupling procedure 
set out in Example 3 above. Final product was purified either by diafiltration 
(Amicon, YM-100), or by passage over an AcA-44 column in PBS. The 
stoichiometry pf dendrimers to antibody in the final purified product was 
found to be 1.0 ± 03. 

The E5-coupled antibody solution can be stored for at least one 
year at room temperature. Only about a 7% change in rates, as monitored for 
the calibrator F (containing 50 jJU/mL hTSH), occurred when the solution 
was stored for one year at room temperature. 
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EXAMPLES 

Couplinr of Anti-CKMR A ^ dv w{fh r.o n ^ rinir . 

> so x^! UrifiCati0n ° f 3n am, ' b0dy dirCCted a * ainst c ^«ne kinase 
5 v T,^ ( ' C ° nan ' ATCC ACCeSSi ° n N °- w " -ried out 

z t*t: s described above * Exampie 3 - produ ^ * «* 

Sa« ♦ ***** Whh 3 2 °- fold ™ lar -^s of sulfo- 

SIAB to .corporate approximately 2.5 iodoacetyls per dendrimer. The 
anybody solution was reduced for 1 hour at 37'C with DTE or DTT at pH 6 5 

) tl m G T r neral Procedure * Exampie 3 above - Aft - ^ 

of T tf K COlUnm » redurtion *e P-duct showed the presence 

redutd « SUWlydlyk ^ ^ C ° UpHng ° f d — d * with the 
Pur^H Tu ° Ut 88 d6SCribed * C3Se ° f hTSH Sample 4). 

(Anucon, YM-100) or over an AcA-44 column prepared and eluted with PBS. 

EXAMPLE 6 

Comparison of Ponbln Antiv,^ , r„ m rf -„ ^ ^ 
I mm Q MlirHPendnWrn, TM Anlibady ^ 

radial pa^^rlT - Active in a 

assavw T nnat ' adlgOXmassa >' was ^en for evaluation. This 

s ml 7" ^ * 8 SeqUential SatUrati ° n fonnat * ""mat the 
-mple contammg the analyte was applied to dry tabs containing the 

oTdt " CithCr 38 9 d0 ^^Y -munocom P ,ex or as 

ln^ir UP ^ Afterana PP^ a ^-al,asubsLewash 
confcunmg W gate,such as a labeled analog of the analyte, was applied to 

^ r^iTT fonnat assay - was *— pr ° porti - ai » *• 

*r 3 rr caiibration ™ ** *» a 

^an^^^ m the 

bv m^nc , ana-d lg oxm polyclonal antibody was immobilized 

by »«, of a goat anti-rabbit anybody to form a polyclonal double-antibody 
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complex. In the dendrimer-coupled antibody assay, the anti-digoxin 
polyclonal antibody (purchased from Sigma) was coupled with N5 
dendrimers and immobilized on the solid phase via the dendrimers. The 
antibodies were coupled to the dendrimers as in Example 3 above. 

EXAMPLE 7 
Preparation of a Solution n f Sexsal 
Pendrimer-Coupipd AntihnHy Eapaiafiops, 
A mixed solution containing two preparations of dendrimer- 
coupled antibodies, i.e., a preparation of E5-coupled antibodies against CKMB 
and a preparation of E5-coupled antibodies against hTSH, was prepared. The 
optimized working concentration was determined for each dendrimer- 
coupled antibody preparation in separate experiments on Stratus® II. For the 
CKMB and hTSH assays the optimized concentration of the dendrimer- 
coupled antibody was found to be 10 ug/ml. The optimized concentration for 
the tetraiodothyronine (T4) assay was found to be 0.56 ug/ml. A solution of 
the optimized protein concentrations was tested and stored in 50 mM Tris 
0.1% v/v FSN, 0.033% w/v unmodified E5, pH 8.0. 

Also, a mixed solution was prepared containing three 
preparations of monoclones specific for hTSH, CKMB and T4 co— led 
separately to E5 following the method described in Example 3 above. 
Identical calibration curves were generated for the specific analyte when the 
solution contained either single analyte-spedfic E5-coupled antibodies or a 
mixture of the three E5-coupled antibody preparations. Thus, the presence of 
non-specific E5-coupled monodonals had no impact on the specific analyte- 
anhbody reaction. Furthermore, as shown in Table 1 below, when a solution 
contammg a mixture of analytes was tested, the concentration of the specific 
analyte detected was very similar whether the solution contained the specific 
E5-coupled antibody or the mixture of dendrimer-coupled antibody 
preparations. Thus, for the random detection of an analyte, a solution 
containing a mixture of dendrimer-coupled antibody preparations can be 
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used instead of a number of solutions that would otherwise be required for 
this purpose. 



TABLE 1 



E ° F MU^LE ANALYTES IN A SINGLE SAMPLE 

Smn ro^^, OF DENDRIMER-COUPLED ANTIBODY OR A 
MIXTt^^ONTAINING THREE TYPES OF DENDRIMER-COUPLED 



IS ^,^ CKMB hTSH T4 

SINGLE MIXTURE SINGLE MIXTURE SINGLE MIXTURE 

MV/MIN' 1321.4 14613 3842.8 3806.9 1944.2 2223.4 

o CONC.A 12.62 14 ^ 6 nu W79 9?3 ^ 

* Average of triplicates. 

^^TT^ 1 * , detenni ned from MV/MIN. Analyte concentration units 
5 WJ /a* and ug/dl for CKMB, hTSH and T4^espectitel" 



EXAMPLE 8 
Preparation of Multinle-SpprifiriH, n«m,<r,-r T1f » r c 

The dendrimers are iodoacetylated following the general 
procedure discussed in Example 2 above. A 20 to 50 fold molar excess of 
sulfo-SIAB is added to the aqueous dendrimer solution. Each dendrimer 
particle incorporates approximately 6-.- J iodoacetyls. 

A mixture of purified anti-CKMB and anti-hTSH antibodies in a 
1:1 ratio (by weight) is reduced for one hour at 37»C with DTT in the 
reduction buffer following the general procedure described in Example 3 
above. After desalting over a G-25 column that was prepared and eluted with 
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the reaction buffer, the product shows the presence of about 10 sulfhydryls per 
IgG. 

The reduced antibody mixture is then coupled to the 
iodoacetylated dendrimer in a 1:5 to 1:10 molar ratio as described in the 
general coupling procedure set out in Example 3 above. The excess 
uncoupled antibody present in the final product solution is removed by gel 
filtration purification either by using an AcA-34 (or equivalent) column or on 
FPLC using a Superdex 200 (Pharmacia) column in PBS. The fractions 
containing IgG-E5 are pooled and the protein concentration is determined by 
BCA assay. In cases where a mixture of anti-T4, anti-CKMB and anti-hTSH is 
used for coupling, the dendrimer-coupled antibody solution is diluted to a 
total protein concentration of 10.3 ug/ml in 50 mM Tris, 0.1% FSN, pH 8.0 
and tested on Stratus® II. The dendrimer-coupled antibody solution 
prepared from a mixture of anti-CKMB and anti-hTSH antibodies are diluted 
to a total protein concentration of 10 jig/ml in 50 mM Tris, 2% BSA, and 0.1% 
FSN, pH 8.0 for testing and storage. 

EXAMPLE 9 

S olution-Based Penririmer-OmpipH A nHbnriv A^ r/ 
A stock solution of the dendrimer-coupled antibody was 
prepared in spotting buffer containing 50 mM Tris, 0.1% v/v Zonyl® FSN, 
2.0% protease-free BSA and 0.03% of the free dendrimer, pH 8.0. Thirty-eight' 
microliters of this stock solution was preincubated with 132 ul of a sample 
containing the analyte. The assay was performed on Stratus® H by aspirating 
and delivering 76 ul of this mixture onto a blank tab, as described in Example 
1 above. After an appropriate interval, 20 ul of the appropriate alkaline 
phosphatase conjugate (0.75 ug/ml) were then delivered to each tab. The 
Stratus® instrument substrate probe then aspirated 70 ul of the substrate 
wash (pH 9.0 Tris buffer containing 1.0 mM 4-methylumbelliferyl phosphate, 
alkaline phosphatase, inhibit r, stabilizers, blue dye, surfactant and 0.1% 
sodium aride) and released 20 ul and 50 ul sequentially to the tab. The signal 
thus generated was measured by front surface fluorometry in the Stratus® 
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instrument and recorded in the instrument's memory, as described in Giegel 
et al., Clin. Chem 28: 1894-98 (1982). 

The radial partition assay format described in Giegel et al. was 
used in all of the experiments. Calibrator solutions A, B, C, D, E and F were 
prepared either in normal human serum or in a Tris-buffered solution (pH 
7.5) including BSA, stabilizer and 0.1% sodium azide as a preservative. 
Calibrator solutions A, B, C, D, E and F for hTSH contained concentrations of 
0, 0.25. 0.75, 3, 12 and 50 ulU/ml, respectively; the calibrator solutions for 
CKMB contained concentrations of 0.0, 4.80, 11.60, 26.90, 61.10 and 127.80 
ng/ml. 

Figure 4 shows that by increasing the dendrimer-coupled 
antibody concentration in a CKMB assay while keeping the conjugate 
incubation time fixed at 60 seconds, equilibrium was established very quickly 
(i.e. in less man 60 seconds), as monitored by the change in signal generated. 
Continued incubation beyond the initial increase in the signal did not 
significantly improve the signal. This shortening of the incubation, time of 
the dendrimer-coupled antibody with the analyte has the advantage of 
making the overall assay completion time faster. The overall assay times are 
shown in Table 2. 



IAELE2 

COMPARISON OF OVERALL ASSAY TIMES 



DEN-Ab INCUBATION TOTAL ASSAY 

TIME (seconds) TIME (minutes) 
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3.77 
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Results for CKMB and hTSH assays using the methods of the 
present invention are depicted in Figures 5 and 6, respectively. Figure 5 
shows that by increasing the concentration of the conjugate in the CKMB 
assay, the maximum effect, as shown by the increase in the signal, was 
5 evident during the initial incubation periods of 100 seconds of less. 
Additional incubation time did not offer any significant advantage. Figure 6 
shows that for the hTSH assay, increasing the conjugate concentration 
seemed to increase the signal over a broader range of the incubation periods. 
Figures 4-6 also show that it was possible to manipulate the kinetics of the 
10 reaction by adjusting the times and concentrations of the dend rimer-coupled 
antibody as well as that of the conjugate. 

. Full calibration curves were carried out for hTSH and CKMB 
assays using the manipulations described above. The calibration curves are 
depicted in Figures 7 and 8 for the hTSH and CKMB assays, respectively. As 
15 used below and in the figures, the terms "8-rninute assay" and "current assay" 
are used interchangeably with the term "double-antibody immunocomplex 
format." All of these terms refer to an assay format that requires the use of 
two different antibodies: a first antibody specific for the analyte and a second 
antibody specific for the anti-anaiyte antibody. The antibodies are combined 
in a buffer, and the resulting double- antibody immunocomplex is 
immobilized on a solid phase prior to the addition of the sample and 
indicator to the solid phase. The term "in-solution assay" is used 
interchangeably with "solution phase format," "4-minute assay," "fast assay" 
and "pre-mix" assay. These terms all refer to an assay format where the 
25 dendrimer-coupled antibody, sample and/or indicator are first mixed 
together in a reaction solution prior to their application to the solid phase for 
the remainder of the assay. 

Figure 7 shows that for the hTSH assay the shape of the 
calibration curves for two variations of the in-solution assay was quite 
comparable to the shape of the calibration curve for the double-antibody 
immunocomplex assay. The concentrations of the conjugate and the 
dendrimer-coupled antibody were varied between the two assays using the 
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10 



15 



20 



dendrimer-coupled antibody format. The assay using the higher 
concentrations of the conjugate and the dendrimer-coupled antibody 
produced the fastest kinetic equilibrium, allowing completion of the assay in 
3.93 minutes as compared to 4-5 minutes for the othe t dendrimer-coupled 
antibody assay and 8 minutes for the double-antibody assay format. 

The inset in Figure 7 shows that the low-end sensitivity for the 
hTSH assay in the in-solution format is considerably improved. In fact the 
low-end sensitivity also was improved in the in-solution assay as compared 
to both immobilized dendrimer-coupled antibody format and an 
immunological immobilization (double-antibody complex) format. This 
^provement is due to very low nonspecific binding. The ratio of the 
calibrators, Cal B/Cal A and CalF/Cal A, was 450 and 719.5 for the in-solution 
assay as compared to the corresponding values of 1.67 and 91.7 respectively 
for the double-antibody complex format. 

T * ble 3 show * « comparison of assay sensitivity and amount of 
anubody required for the current double-antibody format as opposed to the 
m-soluuon dendrimer-antibody format for three different analytes. These 
-says were carried out on a Stratus® H instrument by aspirating and 
delivery 76 ul of a mixture containing the sample and the dendLer- 
coupled antibody or double-antibody immunocomplex onto a blank tab as 
described above. Tne assay was then completed by application of the 
conjugate and the substrate wash, as described above. 
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TABLE 3 



5 COMPARISON OF THE CURRENT DOUBLE-ANTIBODY FORMAT AND 
THE IN-SOLUTION FORMAT USING E5-ANTIBODY TABS 



25 
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35 
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Sensitivity 
(Min. Detectable Dose) 


Primary Antibody 
per Tab (ug) 




ASSAY 


CURRENT 


KrAntfaody 


CURRENT 


E5-AntibnH u 


15 


hTSH 


0.05 ulU/ml 


0.01 ulU/ml 


3.8 


0.09 




CKMB 


0.40 ng/ml 


0.14 ng/ml 


23 


038 


20 


Myoglobin 


037 ng/ml 


0.05 ng/ml 


3.8 


0.17 



Hgure 8 shows calibration curves generated for a CKMB assay in 
the in-solution format. These curves were obtained by manipulations of the 
concentrations of the conjugate and the dendrimer-coupled antibody. These 
manipulations achieved faster kinetic equilibrium, allowing completion of 
the assay in 4 or 5 minutes. A comparison of a CKMB assay using the double- 
antibody immunocomplex format with that of the in-solution format is 
shown in Figure 9. An R* value of 0.999047 using a linear regression analysis 
clearly indicates that the two assays produce comparable results, giving the 
same analyte concentration. The faster kinetics of the in-solution assay of the 
present invention, however, offers the distinct advantage of giving the 
results in half the time as the double-antibody immunocomplex format. A 
similar comparison of calibration curves for an hTSH assay using the double- 
antibody format and two different formats of the dendrimer-coupled antibody 
assay is depicted in Figure 10. The "pre-mix" format refers to the in-solution 
assay and the "dry tab" format refers to an assay format where the dendrimer- 
c upled antibody is immobilized on the solid phase prior to the addition of 
the sample and indicator to the solid phase. For these curves the amounts of 
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primary antibody used per tab was 1.14 ng for the double-antibody format, 1.14 
Jig for the immobilized dendrimer-coupled antibody format and 038 ug for 
the involution dendrimer-coupled antibody format. These results clearly 
show that the use of a dendrimer-coupled antibody in. a reaction solution 

5 prior to immobilization on a glass fiber filter improves the assay sensitivity 
for an analyte and also provides faster results. 

The foregoing detailed description has been provided for a better 
understanding of the invention only and no unnecessary limitation should 
be understood therefrom as some modifications will be apparent to those 

0 skilled in the art without deviating from the spirit and scope of the appended 
claims. 



WO 95/28641 



PCT/US95flM313 



32 

What is claimed is: 

1- A method for immobilizing a plurality of specific binding assay 

reagents on a solid phase, comprising the steps of: 

(a) providing a dendrimer-reagent solution comprising one 
or more dendrimer-reagent preparations, each of said preparations 
comprising a plurality of dendrimer-reagent complexes, each of said 
complexes having a defined specificity for said at least one analyte or 
for a receptor of said at least one analyte; 

(b) adding said sample under specific binding conditions to 
said dendrimer-reagent solution to form an assay solution; and 

(c) applying an effective amount of said assay solution to a 
solid phase under conditions effecting immobilization of said 
dendrimer-reagent complexes on a delimited area of said solid phase. 

2 - The method of claim 1, further comprising adding a selected 
amount of an indicator to said dendrimer-reagent solution. 

3- The method of claim 1, further comprising adding a labeled 
specific competitive reagent to said dendrimer-reagent solution. 

4- The method of claim 3, wherein said specific competitive 
reagent is a labeled analogue of said at least one analyte. 

5 - The method of claim 1, wherein each of said complexes 
comprises a dendrimer coupled to a specific binding assay reagent, said 
reagent selected from the group consisting of antibodies, antibody fragments, 
specific binding proteins and analytes. 

f The method of claim 5, wherein said coupling of said reagent to 

sa.d dendrimer is by C-S linkage carried out by combining SlAB-labeled 
mojeties with sulfhydryl-containing moieties. 
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7 The method of claim 5, wherein said coupling of said reagent to 

said dendrimer is by C-S linkage carried out by combining SMCC labeled 
moieties with the sulmydiyl-containirig moieties. 

8- The method of claim 5, wherein said coupling of said reagent to 

said dendrimer is by C-N linkage carried out by combining aldehyde-labeled 
moieties with unmodified dendrimers. 

The method of claim 5, wherein said dendrimer is an E5 



9. 

dendrimer 



The method of claim 5, wherein said dendrimer is an N5 



10. 

dendrimer. 

A method for conducting a specific binding assay to determine 
the concentration or presence of at least one analyte in a sample, comprising 
the steps on 6 

(a) providing a dendrimer-reagent solution comprising one 
or more dendrimer-reagent preparations, each of said preparations 
comprising a plurality of dendrimer-reagent complexes, each of said 
complexes having a defined specificity for said at least one analyte or 
for a receptor of said at least one analyte; 

(b) adding said sample under specific binding conditions to 
said dendrimer-reagent solution to form an assay solution; 

(c) adding an effective amount of said assay solution to a 
solid phase' under conditions effecting immobilization of said 
dendrimer-reagent complexes on a delimited area of said solid phase; 

(d) applying a selected amount of indicator under binding 
conditions to said delimited area; 

(e) determining the amount of said indicator coupled to said 
solid phase; and 
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(f) correlating said amount of said indicator with the 
concentration or presence of said at least one analyte in said sample. 

12. The method of claim 11, wherein each of said complexes 

comprises a dendrimer coupled to a specific binding assay reagent, said 
reagent selected from the group consisting of antibodies, antibody fragments, 
specific binding proteins and analytes. 

The method of claim 12, wherein said coupling of said reagent to 
said dendrimer is by C-S linkage carried out by combining SIAB-labeled 
m 01 eties with sulfhydryl-containing moieties. 

14 The method of claim 12, wherein said coupling of said reagent to 

said dendrimer is by C-S linkage carried out by combining SMCC labeled 
moieties with the siilmydryl-containing moieties. 

15- The method of claim 12, wherein said coupling of said reagent to 
said dendrimer is by C-N linkage carried out by combining aldehyde-labeled 
moieties with unmodified dendrimers. 

16- The method of claim 12, wherein said dendrimer is an E5 
dendrimer. 

1 7 - The method of claim 12, wherein said dendrimer is an N5 
dendrimer. 

18. A method for conducting a specific binding assay to determine 

the concentration or presence of at least one analyte in a sample, comprising 
the steps of: 6 

(a) providing a dendrimer-reagent solution comprising one 
or more dendrimer-reagent preparations, ach of said preparations 
comprising a plurality of dendrimer-reagent complexes, each of said 
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complexes having a defined specificity for said at least one analyte or 
for a receptor of said at least one analyte; 

(b) adding said sample and a labeled specific competitive 
reagent under specific binding conditions to said dendrimer-reagent 
-solution to form a competitive assay solution; 

(c) adding an effective amount of said competitive assay 
solution to a solid phase under conditions effecting immobilization of 
said dendrimer-reagent complexes on a delimited area of said solid 
phase; 

r 

(d) determining the amount of label coupled to said solid 
phase; and 

(e) correlating said amount of said label with the 
concentration or presence of said analyte in said sample. 



15 19. 



The method of claim 18, wherein said specific competitive 
reagent is a labeled analogue of said at least one analyte. 

20. The method of claim 18, wherein each of said complexes 
comprises a dendrimer coupled to a specific binding assay reagent, said 
reagent selected from the group consisting of antibodies, antibody fragments, 
specific binding proteins and analytes. 

21. The method of claim 20, wherein said coupling of said reagent to 
sa,d dendrimer is by C-S linkage carried out by combining SIAB-labeled 
moieties with sulfhydiyl-containing moieties. 

22- The method of claim 20, wherein said coupling of said reagent to 

Said d6ndrimer te * C - S "nkage carried out by combining SMCC labeled 
moieties with the sulfhydryl-containing moieties. 
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23- The method of claim 20, wherein said coupling of said reagent to 
said dendrimer is by C-N linkage carried out by combining aldehyde-labeled 
moieties with unmodified dendrimers. 

24- The method of claim 20, wherein said dendrimer is an E5 
dendrimer. 

2 s - The method of claim 20, wherein said dendrimer is an N5 

dendrimer. 

26 - A method for conducting a specific binding assay to determine 

the concentration or presence of at least one analyte in a sample, comprising 
the steps of: 6 

(a) providing a dendrimer-reagent solution comprising one 
or more dendrimer-reagent preparations, each of said preparations 
comprising a plurality of dendrimer-reagent complexes, each of said 
complexes having a defined specificity for said at least one analvte or 
for a receptor of said at least one analyte; 

(b) adding said sample and a selected amount of an indicator 
under specific binding conditions to said dendrimer-reagent solution to 
form an assay solution; 

(c) adding an effective amount of said assay solution to a 
solid phase under conditions effecting immobilization of said 
dendrimer-reagent complexes on a delimited area of said solid phase; 

(d) determining the amount of said indicator coupled to said 
solid phase; and 

(e) correlating said amount of said indicator with the 
concentration or presence of said at least one analyte in said sample. 

27 The method of claim 26, wherein each of said complexes 

compnses a dendrimer coupled to a specific binding assay reagent, said 
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moieties with sulfhydryl-containing moieties. * SIAB - labeled 

S 2 1 de ri ^r:r c d s of 1 ^r 27 - wherein said ^ ° f sa " «■« *> 

enonmer is by C-S knkage carried out by combining SMCC 1**u* 
-o.et.es with the sulmydryl-containing moieties ^ 

dendrime, ^ " ^ ^ ^ Said is an E5 

Lrimer. ^ " *** Wh «* d - d ™« * an N5 
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